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Nonlinear longitudinal current in degenerate plasma, arising 
under the influence of the transversal electromagnetic fleld 


A. V. Latyshev§ and A. A. Yushkanov§ 


Kinetic Vlasov-Boltzmann equation for degenerate collisional plasmas with integral 
of collisions of relaxation type BGK (Bhatnagar, Gross and Krook) is used. Square- 
law expansion on size of intensity of electric field for kinetic equation, Lorentz’s force 
and integral of collisions is considered. 

It is shown, that nonlinearity leads to generation of the longitudinal electric 
current directed along a wave vector. Longitudinal current is perpendicular to the 
known transversal classical current received at the linear analysis. 

The case of small values of wave number is considered. 

When frequency of collisions tends to the zero, all received results for collisional 
pass plasmas in corresponding results for collisionless plasmas. 

Graphic research of the real and imaginary part current density is carried out. 


BBE^EUl/LE 

B HacT05imeH pa6oTe bliboahtch cJiopMyjiBi fljiH BBiTHCJieHHH sjieKTpHTe- 
CKoro TOKa b KjiaccHTecKOii BBipo^KfleHHoii njiasivie. 

ripH pemeHHH ypaBHeHH5i BjiacoBa, onncBiBaioinero noBeflenHe BBipo>K- 
,Z],eHHOH CTOJIKHOBHTejIBHOH BJiaSMBI, MBI yTHTBIBaBM BejIHTHHBI, npOnOpifH- 
OHajiBHBie KBa^TpaTy Hanp5i>KeHHOCTH BHeniHero sjieKTpHTecKoro noji5i. 3th 
BejiHHHHBi MBI yTHTBiBacM B pasjiOHceHHH (JiyHKifHH pacHpeflejieHHH, B pas- 
jiOHceHHH caMOCorjiacoBaHHoro sjieKTpoMarHHTHoro hojih, a TaKHce b pasjio- 
HCeHHH HHTerpajia CTOJIKHOBeHHH . 

ripH TaKOM HejIHHeHHOM HOflXOfle OKaSajIOCB, HTO SJieKTpHHeCKHH TOK HMe- 
eT flBe HenyjieBBie KOMnoHeHTBi. O^na KOMnoneHTa sjieKTpHHecKoro TOKa na- 
npaBjieHa b^ojib HanpHHceHHOCTH sjieKTpHHecKoro hojih. 3Ta KOMnoneHTa b 
TOHHOCTH Ta HCB CaMaH, HTO H HpH JIHHeHHOM aHajIHSO. 3t0 HOHepeHHBIH 
TOK. Cjie^TOBaTejiBHO, b jikhokhom anajiHse mbi nojiynaoM xopomo HSBecTHoe 
BBipaxceHHe nonepenHoro ojiOKTpHHecKoro TOKa. 
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BTopaH HeHyjieBaa KOMnoneHTa sjieKTpHHecKoro TOKa HivieeT BTopoft no- 
p5iflOK MajiocTH no OTHomeHHK) K nanpnnceHHOCTH ojieKTpnnecKoro nojin. 
BTopan KOMnoneHTa ojieKTpnnecKoro Tona nanpaBjiena b^ojib bojihobobo 
BOKT opa. 3 tot tok opToronajien nepBon KOMnonenTe. 3 to npoflOJiBHBin tok. 

K nonBjiennio npoflOJiBHoro Tona npnBOflHT nejinneftHBin anajins BsanMO- 
fleiicTBHn ojieKTpoMarnnTHoro nojin c njiasMoii. 

HejinnenHBie 34)(]3eKTBi b njiasivie nccjieflyiOTcn y>Ke fljiHTejiBHoe Bpeivin jTj 

-m 

B pa6oTe [2] 6biji nccjieflOBan nejinneftHBin tok, b nacTHOCTH, b Bonpocax 
BeponTHOCTH pacnaflHBix npopeccoB. SaivieTHM, kto b pa6oTe [3] yKasBiBaoTcn 
cyni,ecTBOBaHHe nejinnennoro TOKa b^ojib bojihoboto BOKTopa (cm. 4)opMyjia 
(2.9) H3 j3|). 

KaanTOBan njiasMa nsynajiacB b pa6oTax 0 - HSj. ^UnsjiCKTpnnecKan 
nponnpaeMOCTB njiasMBi b KBanTOBon CTOJiKHOBHTejiBHoii njiasMC nanajia 
HsynaTBcn b pa6oTe [12]. Bbtcm nccjiCflOBanne KBanTOBon ctojikhobhtcjib- 
HOH njiasMBi npoflOJixcajiocB b namnx paGoTax dl-ini B 3THX paGoTax 
HsynajiacB flnajieKTpnnecKan nponnpaeMOCTB KBanTOBon CTOJiHOBHTejiBHon 
njiasMBi c npoHSBOJiBHOH nepeMCHHOH nacTOTon CTOJiKHOBCHnn ajiCKTponoB 
c nacTHpaMH njiasMBi. 

B paGoTax [IB| - |2D| Gbijio nccjiCflOBano renepHpoBanne npoflojinnoro to- 
Ka nonepenHBiM ajieKTpoMarnnTHBiM nojiCM b KjiaccnnecKon n KBanTOBon 
njiasMC OepMH—,II,HpaKa [IB], b MaKCBCJUiOBCKon njiasMC [I9] n b BBipoxc- 
flCHHOH njiasMC [2Q]. B paGoTC [21] nsynajiocB renepHpoBanne npoflojinnoro 
TOKa nonepenHBiM ojieKTpoMarnnTHBiM nojieM b KjiaccnnecKon ctojikhobh- 
TejiBHOH njiasMe OepMn—Unpana npn nponsBOJiBHon TeMnepaType (ne. npn 
npoHSBOJiBHOH CTeneHH BBipoxcfleHHn 3JieKTpoHHoro rasa). 

B nacTonmen paGoTe BBiBeflenni cJiopMyjiBi fljin BBinncjiennn ojieKTpnne- 
CKoro TOKa b KjiaccnnecKon BBiponcpennon njiasMe. 

1 PEIIIEHHE yPABHEHHa BJTACOBA 

Bosbmom ypaBnenne BjiacoBa, onncBiBaioinee noBeflenne CTOJiKHOBHTejiB- 
HOH njiasMBi c HHTerpajiOM CTOJiKHOBennH BFK (BxaTnarap, Fpocc n KpyK) 
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| + v| + e(E + l[v.H])| = .(/'»>-/) 


( 1 . 1 ) 


B ypaBHeHHH (1.1) / - 4 )yHKii,H 5 i pacnpeflejieHH 5 i sjieKTpoHOB njiasMBi, 
E, H - KOMnOHeHTBI SJieKTpOMarHHTHOrO nOJI 5 I, C - CKOpOCTB CBBTa, V - 
34 )(] 3 eKTHBHa 5 I HaCTOTB CTOJIKHOBeHHH SJieKTpOHOB C HaCTHU,aMH BJiaSMBI, 
j(o) = /gg(r,-y) (eq = equilibrium) - jiOKajiBuo paBuoBecuoe pacnpeq,ejie- 
Hue OepMH, 

feq{r,v,t) = 0 (£o(r,t) - £), 

rq,e 0(a;) - eflUHuuHau CTyueuBKa XsBucaiifla, 

0(x) = 1, a; > 0; 0(x) = 0, x < 0, 


£o(r,^) 


muQ(r, t) 
2 


- BOSMyipeHuau suepruu sjieKTpouoB ua uoBepxuocTu Oepiviu, uo(r, t) - bo 3 - 
MymeuHau CKopocTB sjieKTpouoB ua uoBepxuocTu Oepiviu, u £ = mv‘^/2 - 
suepruu sjieKTpouoB, po(r,i) = mvo(r,t) - BOSMyLpeHUBiu uMuyjiBC sjiex- 
TpOHOB ua nOBepXHOCTH OepMH. 

ObosuauuM 

p = p = X 

Po Vo 

P - bespasMepuBiii uMuyjiBC sjieKTpouoB, pq = ttivq uMuyjiBC sjieKTpouoB ua 
nOBepXHOCTH OepMH, Vq - CKOpOCTB SJieKTpOHOB ua nOBepXHOCTH OepMH. 

ByfleM cuHTaTB, uto b ujiasivie cyipecTByeT sjieKTpoMaruuTHoe nojie, upeq,- 
CTaBjiuioipee cobou berymyio rapMOuuuecKyio BOJiuy 




BjieKTpuuecKoe u MaruuTHoe nojiu CBusauBi c BexTopuBiM noTeuquajiOM 
paBeucTBaMH 

1 dA 

E =-—, H = rotA. 

c dt ’ 

Byq,eM npe^nojiaraTB, uto bojihoboh BexTop opTorouajieu BeKTopuoMy 
uoTeupuajiy sjieKTpoMaruuTuoro nojiu: 

kA(r, t) = 0. 
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onpeflejieHHOCTH Gy^eivi CHHTaTb, hto bojihoboh bbktop nanpaBjieH 
BflOJiB ocH x, a sjieKTpHHecKoe nojie HanpaBjieHO b^ojib och T.e. 

k = A:(l,0, 0), 'E = Ey{x,t){0,l,0). 

C jieflOBaTejiBHO, 

^ 1 dA iuj ^ 

cJv c/c 

H = —Ey • (0,0,1), [v, H] = —Ey ■ {Vy, -V^, 0), 

iU (jJ 


e(E + i[v,H 


df e ^ 

7 r = -^y 
op UJ 


kvn 


dpx 


+ (a; - kvx) 


dpy 


a TaK>Ke 


xTi ^ ^ dfo 

v,H -—= 0, because ~ v. 


ripeobpasyeM jioKajiBuo paBHOBecuyio 4 )yHKL[,HK) pacnpeflejieuHu sjicKTpo- 
HOB B Bbipo>KfleHHOH ujiasMe. HivieeM: 


'■Uo(x, t) — v" 


feq{x,V,t) = 0 

= 0 


Vr 


= 0 


Pl{x,t)-P^ 


SflecB 


Po{xp)-P =feqiP,Xp). 
Po{xp) Vo{xp) 


Po{xp) = 


Po Vo 

- bespasMepuBiH BOSMyineHUbiu uMuyjibc (cKopocTb) sjieKTpouoB. 

PaCCMOTpUM JIHUeapHSapUK) 4 )yHKI[,HH feq{P, X, t) OTHOCHTejIbHO uoBepx- 
HOCTH OepMH, nojiarau 

Po{xp) = Po + SPo{xp). 

Sflccb Pq = 1, h6o ua noBepxHOCTu Oepiviu Pq = po/po = 1. 
ripoBefleM jiHueapusapuK) jioKajibuo paBHOBecuou 4)yHKn,HH pacnpeflejie- 


HHU 


= 0 


fe,(P,x)=e[Po(x,t}-P 

= fo(P) + S(l - P}SPf,(x,t) 

r^e 5{x) - flejibTa-cJiyHKpHu ^upaxa, 

/o(P) = 0(l-P). 


1 - P + SPo{x, t) 
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ypaBHeHHe (1.1) Tenepb MO>KeT Gbitb nepenHcano b cjieflyiomeM BH^e 


y+„ y+ f5' 
ay "" + 


dx ' 10 


^/ / 1 \^f 

+ (cj - kvx) 


dpyl 


= iyfo{P) + z/(5(l - P) 6 Po{x, t). 
ByfleM HCKaTb pemeHHe ypaBHeHH5i (1.2) b BH^e 

/ = fo{P) + /i + / 2 , 


r^e 


fi^ Ey^ 
f 2 ^ g 2 *(fca;-c^p_ 

BejiHHHHy 6 P{xp) HaiifleM hs saKona coxpaHeHHsi HHCJia HacTHii, 




2 (fp 


j ( 27 r/i)^ 

Ms SToro saKOHa coxpaHeHHsi naxo^HM 

2 (fp 


= 0 . 


SPo{x,t) J S{l-P)- 


{ 2 TihY 

Ms SToro ypaBHeHH5i HaxoflHM, hto 


= [/ - /o(^^)] 


2 (fp 

{ 27 ThY 


6 Po{xp) = 


[f - fo(P)]d^P 
I S{i-P)d‘P 


SaMBTHM, HTO 

J (5(1 - P)d^P = J dp J dx J S {1 - P)P‘^dP = 


1 2tt 


-10 0 


oo 


Cjie^OBaTejibHO 


= 47r y (5(1 - P)P^dP = 47r. 
0 

SPoix, t) = Yf 


( 1 . 2 ) 


(1.3) 


5 


[/ - MP)]d^P. 











Tenepb ypaBHenne (1.2) MO>KeT Gbitb npeo6pa30BaHO k HHTerpajibHOiviy 
ypaBHeHHK) 


df , f 


h h 

KV„- -h (w - kVx) 


dpyi 


+ 


+u5(i - p)i- jif- MP)](ep. 


(1.4) 


ByfleM fleiicTBOBaTb ivieTOflOM nocjieflOBaTejibHbix npH6jiH>KeHHH, CHHTasi 
MajibiM napaivieTpoM BejiHHHHy Hanp5i>KeHHOCTH sjieKTpHHecKoro noji5i. To- 
Bfla ypaBHeHHe (1.4) c noMombio (1.3) SKBHBajieHTHO cjieflyiomHM ypaBHenH- 

5 IM 


dh 

+ Vx^ + l^Jl = 


CEn, 


UJ 


kv, 


dfo 

dpx 


dt 


+ (cj - kvx) 


dx 

dfo 


H 


dpy 

df2 , df2 

dt ^ dx 


+ -^(1 - P)f^ / h<i'P- 


(1.5) 


+ ^f2 = 


eK, 


UJ 


kv, 


'dp:. 


+ (w - /ci;^) 


dpy 


+ "^(1 - P)f / hd^P 


( 1 . 6 ) 


Ms ypaBHeHHH (1.5) nojiy^aeM, hto 


{u -iuj^ ikvx)fi = 

— 

UJ 

3ppch 

Ai = hSP. (1.7) 

BaefleM GespasiviepHbie napaivieTpbi 

UJ V k 

= s—, y = -j —, ^ = -r- 

kovo kovo ko 

Q ^ , mvo 

Jflecb q - oespasMepHoe bojihobob hhcjio, ko = —— bojihobob hhcjio 

h 

ObPMH, n - 6B3pa3MBpHa55 HaCTOTa CTOJIKHOBBHHH KOJIB6aHHH SJIBKTpOMar- 
HHTHOrO nOJI5I. 


1 dfo dfo 

kv^i- -h (ixi — kVx)- 


dpa 


dPi 


+ v 5 {l - P)A, 
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B npeflbiflymeM ypaBneHHH nepeftfleivi k SespasiviepHbiM napaivieTpaivi 


i{qP:, - z)fi = 


eE,. 


VLkQPQVQ 


+ (^ (iPx)' 


Sflecb 


SaMBTHM, HTO 


Cjie^OBaTejibHO 


'dP. 

z = ft + iy = 

dfo 


dR, 


+ y5{l - P)A] 


( 1 . 8 ) 




P. 


XI 


uj P iy 
kovo 

dfo 
dP, 


-Py 


D ^/O , /O D \ ^/O 

^Py-^ P - ^Px)- 


dP, 


= n 


dfo 

dP, 


Tenepb hs ypaBHeHH 5 i (1.8) naiifleM, hto 


dh/dPy 

kQPQVQ qPx - z qPx- z 

lloflCTaBHM (1.9) B ypaBHeHHe (1.7). llojiyHHM paBencTBO 


(1.9) 


AA IPiy 


(5(1 - P)Sp \ ^ leEy r ^/dP, 
qPx- z j kopovo J qP, 


PP. 


— z 


JlerKO BHfleTb, hto HHTerpaji b npaBoii hbcth stobo paBencTBa paBen ny- 
jiK). CjieflOBaTejibHO, Ai = 0 . 

Bna^HT, corjiacHO (1.9) 4 )yHKLi,H 5 i /i nocTpoena h onpefleji 5 ieTC 5 i paaen- 

CTBOM 

leEy dfo/dPy 


fl = 


( 1 . 10 ) 


kopoVo qPj: - z 

Bo BTOpOM npH6jIH>KeHHH MbI nOflCTaBHM fi COrjiaCHO (1.10) B ypaBHOHHe 
( 1 . 6 ). 

riojiynaeM ypaBHCHHe 

[v — 2iuj + 2ikvx)f2 = 




^ N d / dfo/dPy \ 

kopovouj A'^^dpx yqPx - zJ "" dpy\ qP^ - zJ} 


+ 
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Sflecb 


— P)A.2. 


M = hSP. 


( 1 . 11 ) 


riepeftfleM b stom ypaBHennH k GespasiviepHbiM napaivieTpaM. IlojiyHaeM 
ypaBHenne 


2 i{qP:, -X- —)f 2 = 


2 tp 2 


ie E. 


y 


Uklvlvl \qP^-z)^ \qP^-z)\ 


+ 


06 o 3 HaHHM 


+yS(l - P)A 2 . 


, ^ iv to . ly to + iv 12 

^ ~ ^ ^ ~0 ~ T. -^ ~ - 

2 kovo 2koVo 


koVQ 


Ms nocjieflHero ypaBHeHHH HaxoflHM 


/2 = 


e^E^, 


2klplvl^ 


p d / dfQ/dPy \ n - qP^ d‘^fo 

^ ^dP^qP^-z) qP,-zdP^ 


1 


qPx - z' 


ly 5{l-P) 


Ao. 


( 1 . 12 ) 


2 gPj; - Z' 

Haxo>KfleHH5i A 2 noflCTaBHM (1.12) B (1.11). Ms nojiyneKHoro ypaB- 

HeHH5I HaXOflHM A2 


An — 


e^El 


Ji 


2klpQvlyi ^ 

2 


Sflecb 




dr 2 t( z' — q 
= — In 


-1 


qr — z' q z' P q’’ 




d y dfQ/dPy \ n - qP^ d'^fp 
^ ^dPj, \qPj:- z) qPx- z dP^ 


d^P 


qPx - z' 































nOflCTaBJI5I5I A 2 B (1.12), OKOHHaTejIBHO HaXOflHM 4)yHKLI,HK) /2 B 5IBHOH 
4 )opMe 


/2 


r^e 




2k^p^vSn 


d / dfo/dPy \ ^ n - qPx d^fo 


ydP,\qP,-zJ qP,-zdP^ 
6{1-P) 


+7 




2BpMQ qP^ - z' ’ 


7 = 


iy/2)Ji 


Att + {iy/2)jQ 


1 


qPx - z' 


(1.13) 

(1.14) 


2 nJlOTHOCTb 3JlEKTPHHECKOrO TOKA 


HafifleM njioTHOCTb sjieKTpHHecKoro TOKa 

f 2d?p 


J (2TThf 

Ms paBeHCTB (1.4) - (1.6) bh^ho, hto BeKTop bjigthocth tokb HMeeT flBe 
HenyjieBbie KOMnoneHTbi 

j {jx^ jyi 0) • 

Sflecb jy - njiOTHOCTb nonepe^Horo TOKa 

f 2(fp f 2Sp 

Jy = e Vyf = e / Vyfi- 


{ 27 rhy 


{27ThY 


9tot tok HanpaBjien b^ojib sjieKTpHHecKoro noji5i, ero njiOTHOCTb onpe- 
fleji5ieTC5i TOJiBKO nepBbiM npH6jiH>KeHHeM 4)yHKii,HH pacnpeflejieHH5i. 

BTopoe npH6jiH>KeHHe 4)yHKii,HH pacnpe^ejieHHsi ne bhocht BKjiafl b njiOT- 
HOCTb SToro TOKa. 

rijiOTHOCTb nonepoKHoro TOKa onpefleji5ieTC5i paBOHCTBOM 



2ie^pl 

{ 27 Thyko 



{df0/dPy)Py 
qPx - z 


d^P. 


9tot tok nponoppHOHajiOH nepBoft CTonenH BejiHKHHbi Hanp5i>KeHHOCTH 
OJIOKTpHKeCKOrO nOJI5I. 
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njiOTHOCTH npoflOJibHoro TOKa b cooTBeTCTBHH c ero onpeflejieHHeM 

HMeeM 


2(fp 


2(fp 2evopQ 


C noMombK) (1.6) OTCiOfla nojiyHaeivi, hto 


e^Eyin 

{27Th)^kQQ 


f p d / dfo/dPy \ x-qP^ ^ 

J ^dPSqPx-z) qP:,-z' dP;^ 


P^d^P 
qPx - z' 


+7 


PJ{1 - P)d^P 


( 2 . 2 ) 


qPx - z' 

B HHTerpajie ot BToporo cjiaraeivioro h 3 KBa^paTHOH cko6kh BHyTpeHHHH 
HHTerpaji no Py paaen nyjno: 


OO 


- Pi 
dpr ’ ~ dp„ 


Py= + 00 


= 0 . 


Py= — 00 


B nepBOM HHTorpajie ns KBa^paTHon cko6kh (2.2) BHyTpenHnn nnTerpaji 


Px BbinncjineTcn no nacTnivi 


(X) (X) 

r d ( dfo/dPy \ PxdPx ,, f 

J dPx \qPx- z) qPx- z' ^ J 


9fo/dPy 


— OO 


{qP, - z){qP, - z'Y 

CjieflOBaTejibno, panencTBO (2.2) ynponi,aeTC5i 

Py{dhldPy)d^P , 


dPx. 


e^Eyiri 


{27Th)^kQQ 


+7 


z'q 


{qPx - z){qPx - z') 


t\2 


Px5{l - P)d^P 


qPx - z' 

BnyTpennnn nnTorpaji no nepeiviennoH Py mbi BbinncjinM no nacTnM 

Py= + 00 OO 


Py^^dPy = Pyfo 


— OO 


Py— OO _QQ 


- / MP)dPy = - j h(P)dPy. 


— OO 
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CjieflOBaTejibHO, Bbipa>KeHHeM npoflOJiBHoro TOKa npHBOflHT k Bbipa- 
>KeHHK) 


32 


e^Eyin 

(27r/i)^/cQQ 

+7 I 


z q 


h{P)<fP 


j (qPx - z)(qP^ - z'Y 

/■■id-/-!,.. 


BnyTpeHHHH HHTerpaji b njiocKOCTH [ Py ^ Pz ) bbihhcjihm b nojiapHbix ko- 

MP)d^P 

{qP, - z'Y(qP, - z) 


opflHHaTax 


dP^ 


-1 


(gPj; - z'Y{qP:, - z) 


dPydPz = 


P2+p2<l_p2 


= TT 


ii-P^)dP, 


-1 


Tax Kax 


- z){qP:, - z'Y' 


dPydPz = 7r(l — Pj). 


P2+p2<l_p2 


KpoMe Toro 


1 27r oo 

PJ{l-P^)d^P f f f 6{P -l)iiP^diidxdP 


qPx - z' 



-10 0 


= 271 


-1 


fidjj. 
qH — z' 


= 271 


q^P — z' 


2 z' z' — q 

—I 111 - 

q q^ z' P q 


PaBexcTBO (2.3) cbo^htch x o^HOMepHOiviy HHTerpajiy 


Jx 


e^Eyin 

{2'nhYkQ^ 


, f (1 - P^)dP,, ^ frdr 

(qP^-z)iqP.-z’f +^^P 


HJIH 


Jx — 


Tve^EyiTiq 

{2'nhYkQkl - 


z'Ji 2 + 1 -J {)2 
q 


(2.4) 
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1 


rfle 


Jl2 — 


(1 - T^)dT 


-1 


[qr — z){qT — z'y 


, f Tdr 2 z' z'-q 

Jo2 — / -7 — - + ^ In . 

J qr — z' q q^ z' q 
-1 

HafifleM HHCJiOByK) njiOTHOCTb (KOHu,eHTpaLi,HK)) HacTHii, njiasMbi, OTbena- 
lomyio bbipo>KfleHHOMy pacnpeflejienHio OepMH 


N = j 0(1-P2) 


2 dz’p 2 pl 


{27rhy {27Thy 

mvQ 


J 0(1 - P^)d^P = 


Stt^ ’ 


r7],e ko - bOJiHOboe hhcjio OepMH, ko = 


h 


B bbipa>KeHHH nepefl HHTerpajiOM h3 (2.4) bbiflejiHM njiasMennyK) (jienr- 
MiopobCKyio) HacTOTy 


UJp 


4:7Te^N 


m 


H HHCJIOByK) njIOTHOCTb H nOCJieflHIOK) BbipaSHM Hepes BOJIHOBOe HHCJIO 
OepMH. IlojiyHHM 


, / eQz \ SkEy ^, 


27 

q 


(2.5) 


r^e 


a Lp 


hUJr 


kovo mv‘^ 

- GespasMepnan njiasMeHHan nacTOTa. 

BejiHHHHy 7 mohcho ynpocTHTb, cbo^h k oflHOMepHbiM HHTerpajiaM bxo- 
flHLpHe B 7 HHTerpajibi (cm. (1.15)). SaMeTHM, hto 


Bfle 


ZV f dT 

47 r + —Jo = 47 r + iriy / - - = 27 rJoi, 

2 J qr - z' 

-1 




-1 


qr — z' 


2 q z' + q 
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KpoMe Toro, 


Ji = 



dfo/dPy \ n-qP, c>Vo 1 SP 
qP^- z) qP^ - z dP^ qP^ - z' 


„ 9 ( dfo/dP, -. d?P , f Pyldfo/dPyld^P 

^dP^\ qPy: - z ) qP^ - z' ^ J (qP^ - z)(qP^ - z')^ 

^ , r MP)d^P f (l-rVr 

^ J (qPx - z)(qPx - z'Y ^ J (qr - z)(qT - z'f 

-1 

= T^q^Jn- 


OKOHHaTejIbHO HaXOflHM 


^ ^ ^ 2:^12 
^ 4:71 + {iy/2)Jo 4 ^ Jqi 


, T ^27 _ \ .iy J02 

z Ji 2 H- Jq 2 — z + -q-j— 

q L 2 Joi 


J12 


Equality (2.5) we rewrite in the form 


j+ = J{n, y, q)ai,trkEl, 


( 2 . 6 ) 


r^e ai^tr ~ npoflOJibHO-nonepenuau npoBOflUMOCTb, J(f2, q) - hespasMepuau 
njIOTHOCTb TOKa, 

eh / hjjjp \ 2 e / ujp 
poko pl\mv^J kopo\koVoJ 


Ji^^y^q) = 


327rf] 


o (t ^ '^02 


Jl 2 - 


S^ecb 


J02 


2,+ (Q + |)lnL^ 

V 2 / + g' 

^ In 

2 z + g 


Q In 


= 1 + 


z — q 
z' + q 


Ecjih BBecTH nonepeuHoe nojie 

k(Ek)_ q(Eq) 

Ji/tr — -t-J — tt:— — J-J — 


k‘^ 


q^ 


o , ^2/1 ^ - y 
^ In 

2 z + g 


kE,, = -[E,H], 
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TO paBOHCTBO ( 2 . 6 ) MO>KHO nepOnHCaTB B HHBapHaHTHOft 4 )OpMe 

= J(n,y,q}ai,t,kEi = J{n,y,q)a,,tr‘^[E,H]. 


SaMGHaHHe 1. Ms 4)opMyjibi ( 2 . 5 ) (hjih ( 2 . 6 )) bh^ho, hto npn y = 0 
(hjih 1/ = 0) T.e. KOTfla CTOJiHOBHTejibHasi njiasMa nepexo^HT b Socctojikho- 
BHTejiBHyio {z —>■ —?► il), 3Ta 4)opMyjia b tohhocth nepexo^HT b coot- 

BOTCTByiomyK) 4)opMyjiy hs Hameii paGoTbi [IB] p,Ji5i SeccTOJiKHOBHTenijibHoii 
njiasMbi 


■ long _ 
Jx 




327 r 


(1 - T^)dT 
{qr — VtY 


-1 

MepeftfleM k paccMOTpeHHio cjiyHaa iviajibix SHaHenHii bojihoboto hhcjib. 
Hs Bbipa>KeHH5i (2.6) npn Majibix snaHenHsix bojihoboto HHCJia nojiynaoM 


■ long _ 
Jx 


-ai^trkE^ 


1 

87tQ{Q + iy) 


SaMGHaHHe 2. Mpn y = 0 {u = 0) r3 stoh cJiopMyjibi b tohhocth bbi- 
TOKaOT COOTBOTCTByiOmaH (]30pMyjia ( 1 . 15 ) HS [IB| flJIH npOflOJIBHOrO TOKa B 
cjiynae Majibix SHaneHHH bojihoboto hhcjih b GeccTOJiKHOBHTejibHOH njiasivie. 


3 3AKJ1IOHEHHE 

Ha pHC. 1 H 2 npeflCTaBHM noBeflenne fleHCTBHTejiBHOH (pnc. 1 ) h mhhmoh 
( pHC. 2 ) HaCTOH HJIOTHOCTH GeSpaSMOpHOTO npOflOJIBHOTO TOKa npH H = 1 B 
SaBHCHMOCTH OT GeSpaSMOpHOTO BOJIHOBOTO HHCJia q HpH paSJIHHHbIX SHaHC- 
HHHX GeSpaSMCpHOH HaCTOTbl CTOJIKHOBCHHH SJICKTpOHOB C HaCTHH,aMH HJiaS- 
Mbi. Hpn Majibix H Gojibihhx SHancHHHx napaMCTpa q KpHBbie 1,2 r 3 cGjiHHca- 
KDTCH H CTaHOBHTCH HCpaSJIHHHMBIMH. ^CHCTBHTejIBHaH HBCTB HMCCT CHaHajia 
MHHHMyM, a SaTCM MaKCHMyM. C pOCTOM GeSpaSMCpHOH HaCTOTbl CTOJIKHO- 
BCHHH SJICKTpOHOB MHHMaH HBCTB HJIOTHOCTH TOKH HMCCT OflHH MHKCHMyM. 

Ha pnc. 3 H 4 npCflCTaBHM nOBCflCHHC flCHCTBHTCJIBHOH (pnc. 3) H MHHMOH 
(pHC. 4) HaCTCH HJIOTHOCTH HpOflOJIBHOTO TOKa B SaBHCHMOCTH OT GcSpaS- 
McpHbix BOJiHOBbix HHCCJi q B cjiyHac y = 0.05 npn pasjiHHHbix shhhchhhx 
G cSpaSMCpHOH HaCTOTbl KOJIcGaHHH SJICKTpOMaTHHTHOTO HOJIH. I],CHCTBHTCJIb- 
Han HacTb cnanajia hmcct MHHHMyM, a saTCM MaKCHMyM. Hpn Gojibihhx sna- 


14 






HeHHHx GespasMepHoro BOJiHOBoro hhcjib KpHBBie 1,2 vl 3 c6jiH>KaK)TC5i h 
CTaHOB5ITC5I HepaSJIHHHMBIMH. 

Ha pHC. 5 H 6 npeflCTaBHM noBeflenne fleiiCTBHTejiBHOH (pnc. 5) h mhhmoh 
( pHC. 6) HacTeii njioTHOCTH npoflOJiBHoro TOKa b saBHCHMOCTH OT GespasMep- 
Horo BOJiHOBoro HHCJia B cjiy^ae y = 0.05. ^eHCTBHTejiBHaa hbctb cnaHajia 
HMeeT MHHHMyM, a SaTBM MaKCHMyM. MHHMaSI HaCTB HMeeT eflHHCTBeHHBIH 

MaKCHMyM. HpH BOspacTaHHH GespasMepHoro bojihobobo hhcjib q KpHBBie 1,2 
H 3 cGjiH>KaK)TC5i H npaKTHHecKH coBnaflaiOT. 

B HacTOHmeii paGoTe paccMOTpeno BjiHHHHe HejiHHeHHoro xapaKTepa Bsa- 
HMOfleiicTBHH sjieKTpoMarHHTHoro nojiH c KjiaccHHecKOH BBipoxc^enHOH ctojik- 

HOBHTejIBHOH BJiaSMOH. 

OxasajiGCB, hto najiHHHe HejiHHeHHOCTH sjieKTpoMarHHTHoro noji5i b ypaB- 
HeHHH BjiacoBa npHBOflHT K reHepHpoBaHHK) sjieKTpHHecKoro Toxa, opToro- 
najiBHoro k HanpaBjieHHio noji5i. 

B ^ajiBHeiimeM aBTopBi HaiviepeHBi paccMOTpeTB sa^axy njiasivieHHBix ko- 
jieGaHHH H sa^axy o CKHH-34)4)eKTe c HcnojiBSOBaHneM KBa^paTa BexTopHoro 
noTexpHajia b pasjioxceHHx (]3yHxu,HH pacnpeflejieHXH. 
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Re J 


0.5 


0.0 



Phc. 1. ^eitcTBHTejiBHaa aacTb iuiothocth GeapasMepHoro npoflojibHoro xoKa, ^2 = 1. 
KpHBbie 1, 2, 3 oTBenaioT aHaneHHaM GeapasMepHoit 
aacTOTbi cTojiKHOBeHHii y = 0.04, 0.07, 0.1. 



Phc. 2. MHHMaa aacTb hjiothocth GeapaaMepnoro npo;];ojibHoro xoKa, f2 = 1. KpHBbie 
1, 2, 3 oxBeHaiox aHaneHHHM GeapaaMepHoit aacxoxbi cxojiKHOBeHHH y = 0.04, 0.07, 0.1. 
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Re J 



0.1 


0.2 0.3 


0.4 


q 


Phc. 3. ^eitcTBHTejiBHaa nacTt. iijiothocth GeapaaMepnoro npo^ojitHoro TOKa, y = 0.05. 
KpuBBie 1,2,3 oTBenaioT aHaneHHaM SeapaaMepnoH nacTOTbi 
KojieOaHHH ajieKxpoMarHHTHoro riojia = 0.1, 0.2, 0.3. 



Phc. 4. MHHMaH hhctb hjigthocth OeapaaiviepHoro npoflojiBHoro TOKa, y = 0.05. KpHBbie 
1,2,3 oTBenaioT aHaneHnaM GeapaaiviepHOH aacTOTbi KOJieOaHHH ajicKTpoMarHHTHoro 

nojia = 0.1, 0.2, 0.3. 
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Phc. 5. ^eficTBHTejiBHaa nacTt njioTHocxH GeapaaMepnoro npo^ojitHoro TOKa, y = 0.05. 
KpHBbie 1,2,3 oTBenaioT aHaneHnaM GeapaaMepnoit aacTOTbi KojieGaHHfi 
sjieKTpoMarHHTHoro nojia = 1,1.1,1.2. 



Phc. 6. MnHMaa hhctb hjiothocth GeapaaMepHoro ripo^ojiBHoro TOKa, y = 0.05. KpHBbie 
1,2,3 oTBenaioT aHanennaM GeapaaMepHoii aacTOTbi KojieGaHHH saeKxpoMarHHTHoro 

HOJia 12 = 1,1.1,1.2. 
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